Microplastics are present in marine habitats worldwide and may be ingested by low trophic organisms such as fish larvae, with uncertain physiological consequences. The present study aims at assessing the impact of polyethylene (PE 10-45µM) microbeads ingestion in European sea bass (Dicentrarchus labrax) larvae. Fish were fed an inert diet including 0, 104 and 105 fluorescent microbeads per gram from 7 until 43 days post-hatching (dph). Microbeads were detected in the gastrointestinal tract in all fish fed diet incorporating PE. Our data revealed an efficient elimination of PE beads from the gut since no fluorescent was observed in the larvae after 48h depuration. While the mortality rate increased significantly with the amount of microbeads scored per larvae at 14 and 20 dph, only ingestion of the highest concentration slightly impacted mortality rates. Larval growth and inflammatory response through Interleukine-1-beta (IL-1) gene expression were not found to be affected while cytochrome-P450-1A1 (cyp1a1) expression level was significantly positively correlated with the number of microbeads scored per larva at 20 dph. Overall, these results suggest that ingestion of PE microbeads had limited impact on sea bass larvae possibly due to their high potential of egestion
INTRODUCTION

35
Microplastics, tiny plastic fragments with diameters of <5 mm, are widespread and ubiquitous 36 within the marine environment (Lusher, 2015; Thompson, 2015) . It is suggested that they are 37 now the most abundant form of solid-waste pollution on Earth (Derraik, 2002; Galgani et al., 38 2015) . Microplastics are originated from the industry, from the domestic use of a wide panel 39 of personal care products which contain microparticles (e.g facial cleansers and toothpaste) 40 (Ghelardini et al., 1996; Zitko and Hanlon, 1991) and from the wastewater of washing 41 machines (Browne, 2015) . Waste microplastics also result from the breakdown of larger 42 plastic debris (Andrady, 2011) . Polyethylene (PE), polypropylene (PP), polyvinyl chloride 43 (PVC), polystyrene (PS) and polyethylene terephthalate (PET) are among the most widely 44 used polymers in the industry and thereby ultimately found in the ocean (Andrady and Neal, 45 2009). Presence of microplastics is documented in several species at the base of the food 46 chain such as plankton or filter and deposit feeders because of their microscopic size and their 47 ubiquitous presence (Avio et al., 2015a; Cole et al., 2013; Collignon et al., 2012; Frias et al., 48 2014; Thompson et al., 2004; Van Cauwenberghe and Janssen, 2014) . The plankton, which is Several species of fish have been recorded to ingest plastic debris including microplastics 53 (Boerger et al., 2010; Carpenter et al., 1972; Foekema et al., 2013; Lusher et al., 2013) .
54
Recent papers reported that microplastics ingestion appears to be common across a range of 55 fish species (pelagic and demersal) from the English Channel (Lusher et al., 2013; Foekema et 56 al., 2013) and Mediterranean sea (Avio et al., 2015b; Deudero and Alomar, 2015; Romeo et 57 al., 2015) . It is also documented that all ontogenic phases including early life stages of fish 58 4 can be concerned by plastic debris ingestion (Carpenter et al., 1972; Hoss and Settle, 1990; 59 Possatto et al., 2011) . Carpenter et al. (1972) , working on fish larvae, reported that of 14 60 sampled species, 8 contained plastic in their guts. Kartar et al. (1973) Until now, however, there is little information available relative to the biological impacts of 67 microplastic ingestion on fish larval stages. In addition to the chemical effects attributed to 68 organic pollutants that can be adsorbed on the plastic debris, some specific effects of plastic 69 ingestion on marine organisms have been described in the literature. Ingestion of 70 microplastics has been shown to impair feeding, leading to reductions in ingested carbon 71 biomass and energy depletion which result in decreased hatching success in zooplankton 72 (Cole et al., 2015 , Lee et al., 2013 . It is also suggested that depending on the size of the 73 debris, plastic particles may be retained in the intestine, induce internal injury and clog the 74 digestive system in various marine species including fish (Carpenter et al., 1972; Derraik, 75 2002). More recently, studies in mussels (Mytilus edulis) indicated that ingested microplastics 76 can also pass through the gut and translocate to the circulatory system (Browne et al., 2008) .
77
Their potential presence in tissues allows a glimpse of the effects on essential physiological 78 functions other than the digestive one. In mussels, ingestion of non-contaminated 79 microplastics has been shown to induce immunological effects and inflammatory response 80 (Avio et al., 2015a , Von Moos et al., 2012 Wright et al., 2013b) . Concerning fish species, 81 studies from Oliveira et al. (2013) suggested adverse effects of virgin microplastics in 82 neurofunction of the common goby Pomatoschistus microps. Rochman et al. (2013 Rochman et al. ( , 2014 In the present study, we investigated the impact of per os administration of PE microbeads on
91
European sea bass (Dicentrarchus labrax) larvae. Sea bass, with most marine fish species,
92
exhibits an extended pelagic planktotrophic larval period and thereby potentially encounters 93 and ingests microplastic particles during its development. Using an inert diet incorporating PE 94 microbeads, the main objectives of our study were to assess (i) the effective retention of 
MATERIALS AND METHODS
106
Animals and experimental diets
107
European sea bass larvae were provided by the marine farm Aquastream (Ploemeur, France) 108 and reared from 2 days after hatching (dph) to 45 dph at IFREMER, Centre de Brest (France).
109
Larvae were distributed into 18 conical fiberglass tanks (35 L) at 3 dph, with initial stocking 110 density of 60 larvae·L -1 and were reared according to Darias et al., (2010) until 45 dph.
111
Briefly, the tanks were supplied with running seawater at 20°C, which had been filtered 112 through a sand filter and then passed successively through a tungsten heater and degassing
113
column packed with plastic rings. To prevent any dumping of PE microbeads to waste water 114 and subsequently at sea, outflow of seawater was filtered on a 1 µm filter renewed every week and then burned by a waste management company.
116
From 7 to 43 dph, larvae were fed on microparticulate diets (WO 0064273) prepared in our were used to correspond to high environmentally relevant concentration of microplastics that 126 larvae could ingest in the wild environment (see discussion part).
127
Non-ingested food and faeces were collected using a filter to avoid dissemination of 128 microbeads in effluent. From 43 to 45 dph, all groups were fed control diet. Complementary DNA (cDNA) synthesis was performed with 500 ng of the resulting total
160
RNA using the iScript™ cDNA Synthesis Kit (Bio Rad, Hercules, CA, USA). was measured by the slope of a standard curve using serial dilutions of a pool of cDNA from 175 the present experiment. E ranged from 95% to 100% in the present qPCR analysis.
176
Relative quantification of the target gene transcript was performed using the Bio-Rad CFX
177
Manager 3.1 software. Quantification of the target gene transcripts was performed using the 178 elongation factor 1α (EF1α) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as Larvae containing microbeads were only found in the two groups (1X, 10X) exposed to PE 214 during the exposure period, i.e. at 14, 20 and 34 dph ( Fig. 1; Fig. 2 The average cumulative mortality scores at 45 dph ranged from 29% to 31% in the groups 1X
232
and Control, respectively, to 44% in group 10X (Fig. 3) . A Group effect on larval 233 instantaneous mortality rate was detected (χ2= 9.776; p-value=0.008; Fig. 3 Moreover, the instantaneous mortality rate increased significantly with the amount of beads 238 scored per larvae at 14 and 20 dph but not at 34 dph (Fig. 4) and 34 dph (+17% for 4 beads, p=0.074; Fig. 6 ). At the same time, microbeads ingestion did 254 not induce any significant effects on IL-1 expression (data not shown). per larvae in a day (<2 mg, depending on developmental stage), iii) the fact that larvae were 280 sampled eight hours after the end of food distribution and iv) the relatively fast gut transit 281 14 time in fish larvae (from 2 hours to 10 hours depending on species and feeding protocol)
282 (Govoni et al., 1986) , these data indicate high potential of egestion of PE microbeads from 10 283 to 45 µm in sea bass larvae. This hypothesis is confirmed by the fact that no more microbeads 284 were found in the gut of larvae at 45dph, i.e. two days after the end of the exposure period,
285
and by the fact that microbeads were found in large quantities in faeces (data not shown). The 286 latter excludes the possibility that larvae regurgitate significant quantities of microbeads.
287
However, this conclusion on the fast transit of PE microbeads through digestive tract of fish 288 larvae warrants caution since the high egestion rate observed in the present study could be In conclusion, present work revealed that ingestion of virgin PE microbeads has a limited Ogryzko, N.V., Hoggett, E.E., Solaymani-Kohal, S., Tazzyman, S., Chico, T.J., 
